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(57)Abstract: 

PURPOSE: To provide manufacture of pre-expanded particles of a thermoplastic polyester 
resin and manufacture of an expanded material from the pre-expanded particles. 
CONSTITUTION: A thermoplastic polyester resin expanded material is prepared by thermally 
bonding together pre-expanded particles of a thermoplastic polyester resin thereby to form the 
expanded material, which material has a bulk density of 0.02-0.7g/cm3 and the crystallinity of 
the expanded material is 15% or more, and the pre-expanded particles are prepared by 
melting the thermoplastic polyester resin containing a foaming agent by means of an extruder 
to effect extrusion foaming, following which the extruded foam material is cut, in which the 
crystallinity of 25% or less is maintained. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely, 
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CLAIMS 



[Claim(s)] 

[Claim 1] The thermoplastic-polyester system resin foaming object characterized by being the foaming object 
with which the thermoplastic-polyester system resin pre-expansion particle was welded, and the degree of 
crystallinity of the apparent density gravity 0.02 - 0.7 g/cm3, and a foam being 15% or more, 
[Claim 2] The manufacture method of the thermoplastic-polyester system resin pre-expansion particle 
characterized by making the degree of crystallinity of a pre-expansion particle into 25% or less in the method 
of fusing, extruding the thermoplastic-polyester system resin containing the foaming agent, foaming to it with 
an extruder, cutting this extrusion-foaming object subsequently, and manufacturing a pre-expansion particle, 
[Claim 3] The manufacture method of the pre-expansion particle according to claim 2 characterized by the 
melting crystallization temperature of a thermoplastic-polyester system resin constituent being lower than a 
crystalline melting point 40 degrees C or more. 

[Claim 4] The manufacture method of the thermoplastic-polyester system resin foaming object characterized 
by filling up with a pre-expansion particle the metal mold which cannot be sealed although it can be closed 
down after fusing the thermoplastic-polyester system resin which contained the foaming agent with the 
extruder, carrying out extrusion foaming, cutting this extrusion-foaming object subsequently and considering 
as a pre-expansion particle, carrying out heating expansion of the pre-expansion particle, making a pre- 
expansion particle comrade weld and considering as a foaming object. 



[Translation done.] 



DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

termoplastic-polyester system resin (Itas is hereafter called PAT lesin). 
[Sp..onoftheMorAr,,APATre.,nhastheo— ^^^^ 

and is used in various fields. Theretore ™' . „cellent in thermal resistance, aiathemancy, 
planned to it is lightweight and make , « " Ea^l tarn a lesin as one of the methods of 

sxsSo^":^i:ru;ii^ 

and use as a foaming object pass - there is a -tod perfo^^^^ ^^^^^ 
[05031 However, the PAT resm took the long tame for gas For example, the 

agent, therefore had the trouble of taking time, cost, and , is the non- 

iSlyester system potential foaming natuie '"''"^ ' 

solvent of this polyester or ™ t^i^S^^ WiLed ,s indicated by JP,51- 

compaction or the non-extended moldrngs "l"* J ™' lential foaming nature moldings 
50365,A, and obtaining a very bulky foam is indicatol by tos^^ s ^ 

more ft» plasticization temperatme. However it — ^^^4^ 5 hours or more is 
infiltrate a low boiling point liduid into this poly ''"^ "^^^^^^^^ ,„ order to heat at the time 

Mated. Thus, time great for infitohng a f » * P*^" Storf a PAT resm rises. Therefore, 
of sinking in and pre-expansion Pa«>cle creation ^^^^^^ «y« ^ ^ ^..^ „^de 
since the foam of a type object configuration is not ^'a""^^^^^^^ ^-expansion particle of this PAT resin 
may not weld, even if it carries out post-expansion fabncatton of ^^^V^J^^^' ^ ^ „„, p^st- 

witL a mold, filling up this official report with a P'tZ,"^'"^^^^^^ wWch 
expansion fabrication is not indicated. On the ^™'v^*°"f ^^^^^^^^^^ are 

:rsr£rs=^^cz^^^ 



high temperature region. 



to be solved by the Inventionl «ting — ^^^^^^^^^^^ 
Uson made the PAT lesin mix a foaming agent using » J J ^/"J and foaming to it from an 
order to solve the above-mentioned trouble, and ^^f"™^^^^ object 

extruder Or by being filled up with Naming 'aruclew^^^^^ ^ ^^^^ 

before the compledon of fomng ^^^^ fabrication It is what the 

completion of foaming, and was obtained n a ™* 'f,'^"*^^^^^^ completed this invention, 

particle comrade found out welding ""'"^"^f f in a mold, carried out 
The purpose of this invention obtained it is WWjP « * ^^J'^'^^^t with thermal resistance, 
post-expansion fabrication, and 1 and is 1*™* The manufacture method 

in order to manufacture the pre-expansion f f^f'"™*^^^^^ row which infiltrates a 

IS for solving the Problem! this invention is the foaming object with which the thermoplastic-polyester 



system resin pre-expansion particle was welded, and let the thermoplastic-polyester system resin foaming 
object characterized by the degree of crystallinity of the apparent density gravity 0.02 - 0.7 g/cm3, and a foam 
being 15% or more be a summary. This invention is a thing also including the manufacture method of the 
above thermoplastic-polyester system resin foaming objects, moreover, the method Fuse the thermoplastic- 
polyester system resin which contained the foaming agent with the extruder, and it emits into the atmosphere 
from a mouthpiece. It carries out fiUing up with a pre-expansion particle the metal mold which cannot be 
sealed although it can be closed down after cutting the extrusion-foaming object before the completion of 
foaming which was made to complete foaming and was obtained, and after the completion of foaming and 
considering [ or ] as a pre-expansion particle, foaming, carrying out heating expansion of the pre-expansion 
particle, and considering as a foaming object as the feature. 

[0006] It may be a single screw extruder, a twin screw extruder, etc. which especially limitation does not have 
about the extruder used by this invention, and are usually used for extrusion-foaming fabrication of this kind, 
and you may be the tandem die which connected them further. Various things can be used for the mouthpiece 
used by this invention, for example, a mouthpiece in a circle and a flat - a mouthpiece and a nozzle - a 
mouthpiece and the multi-nozzle by which further two or more nozzles have been arranged metal mold etc. 
is mentioned Although these mouthpieces can be used and a sheet-like foam, a tabular foam, a rod-like foam, 
etc. can be made, about the configuration of a foam, you may especially be what configuration. 
[0007] In this invention, in order to make an above-mentioned foam into a predetermined configuration, 
various methods can be used, for example, a mandrel top is gone on when it extrudes from a mouthpiece in a 
circle - making - considering as the shape of a sheet - a flat - it is made to go on, making it close to 
the metal plate of a couple, in order to obtain the foam of the tabular which can consider as the shape of a 
sheet with a chilled roll, and is thick, when extruding from a mouthpiece, and can consider as a predetermined 
configuration In this invention, an above-mentioned foam is cut and it considers as a pre-expansion particle. It 
is not limited especially about the method or time of cutting, and various methods can be used. For example, a 
pelletizer etc. can cut the foam extruded from the nozzle in a predetermined configuration and a size, and let it 
be a pre-expansion particle, after being let pass and cooled in front of the completion of foaming, or in the 
tank after the completion of foaming. Moreover, it can extrude from a mouthpiece, can cut immediately 
before the completion of foaming, or after the completion of foaming, and can also consider as a pre- 
expansion particle. Moreover, once keeping by the winder etc, what was extruded in the shape of a sheet as 
the shape of a roll, it is cut by a grinder and the cutter and let it be a pre-expansion particle. As a pre- 
expansion particle, various things, such as the shape of a pillar, a corniform, and a letter of a chip, can be 
used, for example. 

[0008] In this invention, various methods, such as making air cooling, water cooling, and the cooling system 
by which the temperature control was carried out contact etc., can be used as the cooling method of a foam. In 
this invention, it is desirable to perform cooling of a foam as promptly as possible and to make the degree of 
crystallinity of a pre-expansion particle 25% or less. It is desirable to consider as 15% or less still more 
preferably [ it is desirable and ] to 20% or less. If the degree of crystallinity of a pre-expansion particle 
exceeds 25%, in case heating expansion will be carried out and foaming will be carried out, since weld of pre- 
expansion particles is bad, the post-expansion force will become weak a foaming object with weak intensity 
with many openings. Although it is thought that it can be improved by raising the heating temperature at the 
time of foaming by these, since crystallization of a pre-expansion particle advances further by heating at an 
elevated temperature, a high molding temperature which a crystal begins to dissolve substantially will be 
needed. 

[0009] In this invention, it is the process which manufactures a pre-expansion particle by extrusion foaming, 
and in order to stop the degree of crystallinity of a pre-expansion particle low, and in order to improve weld 
of the pre-expansion particle at the time of post-expansion fabrication, it is desirable to adjust advance of 
crystallization of a pre-expansion particle. In post-expansion fabrication, in order to carry out heating 
expansion of the pre-expansion particle with steam etc., crystallization advances simultaneously with a post 
expansion, and if advance of crystallization is too quick, weld of the post-expansion force or pre-expansion 
particles will become bad, and will become a foaming object with weak intensity with many openings. The 
kind of crystalline-nucleus agent, an addition and the molecular weight of a resin, reforming of a resin, etc. 



mmoi The degree of crystallinity in this invention, a glass transition temperature, cold crystallization 
Same a c^^^^^^ point, and meltmg cryslallizaUon temperature can use a differenual xanmng 

SS?(DSQ and can measure it according to JISK-7121. For example, when PAT is used as a 
MtmammzU^ resin, a container is filled up with a measurement sample, a temperature up is 
SoS a Seo Tdegre^ C/min, and the amount of cold heat of crystallizanon, the amount of heat of 
to ^d the P^^ntpe^^^^ at that ume, i.e., cold crystalhzation temperature, and a crystalline mel ing 
S L m^I. "crystallization temperature is peak temperature to which crystallization takes pto 
TthlS a mirature up, and means that advance of this temperature's crystal ization of a low is quick, 
hlstve^n Ssirabie to adjust so that 40 degrees C or more of cold erysta Uzauon tempera ure o a 
PAT pre eS Parttcle may become high from a glass transition temperature. Moreover, calculation of 
degree of crystallinity is calculated by the following formula. 
[0011] 

****** ^feiBSiPAT«IBo*;i.afc'JnB«»» 

room Here according to the macromolecule data handbook (Baifukan Co., Ltd issue), since amount of 
taa of « mJ of perfect-crystal polyethylene terephthalate is set to 26.9KJ, suppose it mat is 
S Mor»ver measurenient of melting crystallization temperatme lowers the temperature at the rate of 
dSees Cto fom a melting state, measures the t^ak temperature of crystallization and makes it melting 
Sizato temperature, if means that advance of a crystal is so quick that this melting crystallization 
ST^X Ts S in this invention, it is desirable to adjust so that the melung crystalhzation tempaature of 
me^pa^^L pS cle may become low 40 degrees C or more from a crystalline metang poin^ and the 
ow stite Sle thing for which 55 degrees C or more are made low is preferaWy dcsmible 50 degrees 
C^S^^ r?he r^eto of fi hng up with a pre-expansion particle the metal mold which cannot be sealed as a 
mS TffSng the pre-expansion particle obtained in this invention although it can be closed down, 
and introducine and fabricating steam as a heating medium further IS common. , 
raOBlXoulh hot blast, oil, etc. can be used as a heating medium at this ume m addiuon to steam, s cam is 

ecuve w^^^^^^^^^ efficienUy. After fabricating, it is c»led, i, is taken out from me^ 
becomes a cast, the case where it fabricates with steam - a pre-expansion particle - metal mold - after being 
a eTup - fSt - low voltage (for example, below 0.5 kg/cm2: wholly gage pressure) - fixed ume steam - 
m Slid - it blows m inside and the air between particles is discharged to the exterior Then, it is the 
"practice which a pressure up is earned out, and you cany out the post expansion of the pre- 
exmnsion particle further, make it weld, and is considered as a cast. As for the degree of crystalhruw of the 

acqS in this invention, considering as 15% or more is desirable, and i. is desu^ble to 
co3 S m»e% or more. If degree of crystallimty is lower than 15%, the thermal resistance of a 

foaming object will fall remarkably. m tf tman*,- 

mi41 Moreover, the density of the foaming object acquired in this mvenuon is 0 02 to 0.7 g/cm3 If smaller 
„h iarTta 0.7 g/cm3, it is inferior to lightweight nature, and 1 than 0.02 g/cm3 extmsion foaming of 
„r™Sn7article manu acuire is difficult. Preferably, they are 0.06 to 0.5 g/cm from 0.04 preferably 
fern 10 So 3 and a pan. In this invention, measurement of the rate of a heanng dimensional change i 
Somed as follows. The acquired foaming object was cut into size with an about lOcmxlOcmx thickness o 
Sm Ae of ctoge the heat-treamient back of each size (length, width, thickness) and before heaung was 
mS; red* pLtely, and the average of the rate of change of these 3 direction was made into the rate of a 



^ d— chanee. Heatin, conditions were Perfor^^^^^^^^^^^ 

measurement of 1 hour was performed at 180 degrees C for 24 to^^ ■ ^Jj;'^^^^^^^^ desirable that it is 
by 140 degree C and 24-hour heating of tiie acquired fof"^'^^^ heating, it is 

less than 5%. Moreover, as for the rate of a dimensional change by 180 degree L ana 

naphthalene dicarboxylic acid etc. On tiie other hand, as amyant d , ^^^^^ 
improve the melting property of a PAl resm tne me^iii^^^ ^ substance -- or it can 

trademark). Inactive gases are a carbon dioxide, nitrogen, etc. 

Sple] An example and the example of comparison are given to below, and the point wMch is excellent in 
Senlion is expLned concretely. The section only means *e "ow. 
DTJT rtHp Tpliin T td make TR8580) was used as an example IPAl resm. l^irst, ir-ni wdb uucu ai x 
K ^4 ho"^^^^^ into a moistu^-absorption-and^ying machine, ™d a^ulaung air of -30 
C of dew-points. The following mixture was made using the above-mennoned PET^ 

290 degree C barrel temperamre - r « 7»'f™e weight - it earned out comparatively 
butane - pressing fit -- mixture - '^""'i-^''"^^"^ ! 1.17 Stsion - slit width was set to 0.4mm 

rmsXt was a cylinder-Uke was cleared after passing a mandrel, and the foaming PET sheet was rolled 
[00181 ™t was a cyima«^^^ ^^^^ ^.Omm and the width of face of the 

Sz^rnSi.i^rr^Tk"^c'mSii^^^^ 



object with which an opening is not seen between the particles whose sizes are 300nmx400mmx20nim was 
acquired. The degree of crystalUnity of the acquired foaming object was 23%. the acquired foaming object - 
140-degree C constant temperature it was 2.8% when the rate of a dimensional change when putting in into 
a layer and heating for 24 hours was measured 180 more-degree C constant temperature - the rate of a 
heating dimensional change when leaving it in a layer for 1 hour was 3.3% Therefore, it was admitted that the 
acquired foaming object was excellent in thermal resistance. 

[0019] It carried out like the example 1 except having made the addition of pyromellitic dianhydride into the 
0.2 weight section in example 2 example 1, using PET (the Teijin, Ltd. make, TR8510) as a PAT resin. For 
density, 0.2 g/cm3 and thickness were [ 2.0nim and the width of face of the obtained foaming sheet ] 645mm. 
Moreover, the degree of crystallinity of the foam epidermis section and a core was 8.6% and 9.0%, 
respectively, and 247.6 degrees C and melting crystallization temperature of the crystalline melting point were 
182.1 degrees C. After filling up 300mmx400mmx20mm metal mold with it after making the obtained 
foaming sheet into the abbreviation 5mmx5mmx2mm letter of a chip with a cutter, and sealing it, the vapor 
pressure madekg [ 0.3 / /] carry out heating expansion for 120 seconds by 1.0 kg/cm2 for 30 seconds by 2 cm. 
In this way, the PET foaming object with which an opening is not seen between the particles whose sizes are 
300mmx400mmx20mm was acquired. The degree of crystallinity of the acquired foaming object was 21%. 
the acquired foaming object - 140-degree C constant temperature - it was 2.5% when the rate of a 
dimensional change when putting in into a layer and heating for 24 hours was measured 180 more-degree C 
constant temperature -- the rate of a heating dimensional change when leaving it in a layer for 1 hour was 
3.2% Therefore, it was admitted that the acquired foaming object was excellent in thermal resistance. 
[0020] In example 3 example 1, 0.3mm and the bore set slit width of a mouthpiece to 60mm, and 
trichloromonofluoromethane was performed like the example 1 as a foaming agent except for 13 weight 
sections. For density, 0.06 g/cm3 and thickness were [ 2.0mm and the width of face of the obtained foaming 
sheet ] 645mm. Moreover, the degree of crystallinity of the foam epidermis section and a core was 10.3%, 
10.3%, and 10.5%, respectively, and 251.6 degrees C and melting crystallization temperature of the crystalline 
melting point were 195.5 degrees C. After filling up 300mmx400mmx20mm metal mold with it after making 
the obtained foaming sheet into the abbreviation 5mmx5mmx2mm letter of a chip with a cutter, and sealing it, 
the vapor pressure madekg [ 0.3 / /] carry out heating expansion for 120 seconds by 1.0 kg/cm2 for 30 
seconds by 2 cm. In this way, the PET foaming object with which an opening is not seen between the particles 
whose sizes are 300mmx400mmx20mm was acquired. The degree of crystallinity of the acquired foaming 
object was 25%. the acquired foaming object - 140-degree C constant temperature - it was 4.5% when the 
rate of a dimensional change when putting in into a layer and heating for 24 hours was measured 180 more- 
degree C constant temperature the rate of a heating dimensional change when leaving it in a layer for 1 hour 
was 4.8% Therefore, it was admitted that the acquired foaming object was excellent in thermal resistance. 
[0021] 

[Effect of the Invention] As stated above, in this invention, a foaming agent is infiltrated using an extruder. 
Therefore, since the thermoplastic-polyester system resin which sank in the foaming agent easily is obtained, 
extrusion foaming of this is fused and carried out and a pre-expansion object is manufactured Can become 
25% or less of degree of crystallinity of a pre-expansion particle, consequently it is filled up with this pre- 
expansion object in a mold, carry out post-expansion fabrication, and are lightweight. The effect which 
simplified greatly the process which the process row which a foaming object with thermal resistance can be 
manufactured [ row ], and infiltrates a foaming agent into a PAT resin also in the manufacture method of a 
pre-expansion particle is made to carry out heating foaming of foaming agent sinking [ PAT ] in, and is made 
into a pre-expansion particle at it, and was excellent in productivity is done so. 



[Translation done.] 



